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Abstract : Local orientation analysis was used to investigate the continuous recrystallization process in a pure

A1 .3 % Mn alloy with the e mphasis on the influence of matrix orientations on the subgrain growth and pre-

cipitation. Results show that the differences of ( mis) orientations in deformed matrices give rise to inhomoge-

neous subgrain growth and precipitation with respect to precipitate density and morphologies . Moreover, no

apparent high angle grain boundaries were developed by accumulation of misorientations during subgrain

growth .
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1 INTRODUCTION

The classical works on continuous recrystal-
lization ( or recrystallization in situ or extended
recovery )  are Hornbogen and
Koster!! "1 on Al Fe and AlF Cu. It is taken for
granted that the Zener pinning due to secondary

those of

precipitation is the main reason for the occur
rence of continuous recrystallization. The rear
range ment of dislocations and the subgrain
growth are controlled by the coarsening of large
precipitates and dissolving of fine precipitates .
This process is generally considered to be homo-
geneous in the whole sample. However, some
recent researches indicate that continuous recrys-
tallization can be in different forms . It was sug-
gested[4] that during recovery in pure Al the for
mation of high angle grain boundaries as well as
the structure reconstruction can be obtained by
an accumulation of small misorientation during
subgrain growth. The work on lxxx Al al-
[5-6] indicated, on the other hand, that high
angle grain boundaries did not form during an-

10y

nealing by subgrain growth, but existed already

before annealing .

Despite some existed investigations on con-
tinuous recrystallization in Al- Mn ( 3xxx series)
a110ys[7~10], most of them were focused on the
microstructural observation and macrotextural
measure ments due to the limitation of experi-
mental techniques and the microtextural infor-
mation is still not well known. This work in
tends to inspect the continuous recrystallization
under the influence of matrix orientation by local
orientation measure ments .

2 EXPERI MENTAL

High purity Al with 1.3 % Mn( mass frac-
tion) was subject to solution treat ment for 5 h at
630 C and then exposed to a series of three-axial
forgings and recrystallization annealings to mini-
mize the influence of a possibly existing initial
texture and to reduce the initial grain size to 120
pm. The samples were cold rolled to thickness
reductions of 80 % ~ 97 % and isothermally an-
nealed at 350 C in a salt bath. Microhardness
measure ment and structural observation con-
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firmed that continuous recrystallization prevailed
below 350 C. Macrotextures were determined
by X ray diffraction and orientation distribution
functions ( ODF) were calculated according to
the series expansion method. Local orientations
were obtained by EBSD in a SEM "1, Gauss
ODFs were calculated by associating each single
orientation with a Gauss type peak with a scatter
width of 50.

3 RESULTS AND ANALYSES

3.1 Macrotexture

Fig .1 illustrates the macrotexture measured
on an 80 % rolled, 350 C for 34 d annealed sam-
ple , indicating retained rolling textures .

3.2 Subgrain growth
3.2.1 Microstructural evolution and its inho
mogeneities

Despite the gradual subgrain growth on
macroscale, two types of inhomogeneities were
observed in microscale . One is the inhomogene-
ity in subgrain size , i.e ., even in the absence of
precipitates the subgrain growth was inhomoge-
neous. Subgrains may be larger than 10 pm or
smaller than 1 pm in size . The other is the inho-
mogeneity in precipitate density ( Fig .2) indicat-
ing that, despite the large difference of precipi-
tate density in the same TEM foil, the subgrain
size in both micrographs were similar. These
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Fig.2 An example of inhomogeneity during subgrain growth

Fig.1 Macrotextures in continuously

recrystallized samples
(80 % rolling ; 350 C, 34 d)

phenomena reveal the influence of misorienta-
tion: The misorientation in regions of Fig.2(a)
was large and thus the precipitation proceeded
quickly, which in turn inhibited the subgrain
growth , whereas the misorientation in Fig .2(b)
was small and the retarding forces originated
from the s mall mobility of the subgrain boundary
and segregated Mn atoms, thus the subgrain
sizes in the two regions were similar.
3.2.2 Misorientation evolution

The evolution of the misorientations of
neighbouring subgrains during annealing were

measured by orientation scanning along TD and
RD at rolling plane of 80 % and 97 % rolled

(86 %rolled; 350 C, 9.5d)
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samples. Fig.3 shows an example in the 80 %
rolled sample. The softening process was fol-
lowed by referring to the microhardness value,
the sharpness of EBSD patterns and by the TEM
observations, demonstrating that, at the time
when the microhardness decreased nearly to the
value of the discontinuously recrystallized sam-
ples, there were virtually no new high angle
grain boundaries developed during annealing,
only prior grain boundaries were detected. Al
though more high angle grain boundaries were
found in 97 % rolled samples than in 80 % ones,
they were mainly either prior grain boundaries or
had formed during deformation. This conclusion
is based on the fact that, if high angle grain
boundaries were formed by the accumulation of
misorientations of subgrains during subgrain
growth , they should be in the range of 150~ 25¢
but not re markably larger than this value .

Fig .3 Evolution of misorientations in
80 % rolled, 350 'C annealed samples

3.3 Influence of matrix orientation on precip-
itation

3.3.1
Two regions with different precipitate den-

sities were observed. In some deformed bands

At early stage of annealing

precipitation occurred quickly, whereas there
were hardly any precipitates in other deformed
bands. Orientation measure ments revealed dif-
ferences in orientation and

( Fig .4) demonstrating that not only the misori-

misorientation

entations in the region with more precipitates
were larger than those in the region with less
precipitates ( Fig.4(a)) , but also that such re-

gions had more scattered rolling orientations
(less B{110} 112} orientations, Fig.4 (b))
with respect to the exact rolling texture orienta-
tions in the region without precipitates ( Fig.4
(c)) . Thus the high percentage of large misori-
entations in Fig.4(a) was certainly caused to
some extent by prior grain boundaries . So it can
be concluded that , because of the s mall misorien-
tations in the deformed bands with typical rolling
orientations , precipitation was delayed.

Fig.4 Statistic determination of
( mis) orientations in two regions
(a) —Distribution of misorientations in two types of
regions ;
(b) —Orientations of region with more precipitates ;
(c¢) —Orientations of region with less precipitates

3.3.2

As annealing proceeded, precipitation oc-
curred gradually in the regions free from precipi-
tates at the early stage of annealing and thus,

At a later stage of annealing

the precipitates distributed relatively homoge-
neously in the matrix. However, precipitates

formed at different periods had different shapes,
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being either round or elongated, and were dis-
tributed in differently oriented matrices, as
shown in Fig .5, illustrating larger misorienta-
tions in the region with round precipitates and
smaller misorientations in the region with elon-
gated precipitates . In Fig.5(a) orientation scan-
ning was performed at a length of 60 um in TD
on the rolling plane indicating a single B oriented
grain. In Fig.5(b) , an orientation scanning re-
vealed large misorientations, only one grain
boundary can be seen on the micrograph.

To obtain statistical information about the
influence of the
precipitate’ s shapes, the orientations of these

matrix orientation on the

two types of regions were measured and present-
ed in Fig.6, confirming that elongated precipi-
tates were mainly present in the B matrix with
small misorientations, whereas round precipi-
tates were mainly concentrated in the C{112}
(111)/8{123} <634) matrix with large misorien-
tations . This de monstrates that the difference in
precipitate’ s shapes was related with the misori-
entation and, essentially , with the matrix orien-
tation . It should be noted that Fig .6 is not simi-

lar to Fig .4, because the elongated precipitates
occurred mainly in the B bands and not in the
matrix with the exact rolling texture orienta-
tions .

The subgrain sizes in the two regions with
different shapes of precipitates were estimated by
EBSD orientation scanning in the rolling plane of
the 80 % rolled, 350 C, 34 d annealed speci-
men. The determination of the subgrain size was
not based on morphological observation, but the
change of the EBSD pattern. The average sub-
grain size in the region with round precipitates
was 5.9 pm(143 subgrains) and 7.2 pm in the
region with elongated precipitates (130 sub-
grains) . The same tendency was obtained when
the subgrain size was classified according to the
matrix orientation ( B or C/S) . This was in ac-
cordance with the precipitate densities of the two
regions . Since all elongated precipitates had sim-
ilar arrangements locally ( Fig. 5 (a)), they
should have special crystallographic orientation
relationships with the matrix and this is dis-
cussed in a separate papert'?).

Eg.5 Example of precipitation matrix at
late stage of annealing(80 % rolling ; 350 C ,34 d)

(a) , (b) — Micrograph and orientation changes in region with elongated precipitates ;

(¢) , (d) — Micrograph and orientation changes in region with round precipitates
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Fig.6 Statistic determination of orientations
in two regions
(80 % rolling ; 350 C, 34 d)
(a) —Orientations of regions with elongated
precipitates ;

(b) —Orientations of regions with round precipitates

4 DISCUSSION

4.1 Traditional model of continuous recrystal-

lization

The misorientation evolution in Fig.3 indi-
cates only a small chance for the formation of
high angle grain boundaries by subgrain growth .
This can be understood in another way: The
misorientation in B oriented bands was generally
small. On the two sides of a B oriented band
( with a width of over 20 pm) along TD the max-
imal misorientation measured is less than 15°©
( Fig .5a) . So, it is impossible that a new high
angle grain boundary could form by the accumu-
lation of misorientations during subgrain growth
in this region. Furthermore, owing to the pin-
ning of precipitates, subgrains can not reach
such size (the mean subgrain size is 7.2 um) .
Similarly, there are also a lot of regions in the
C/ S matrices with small and homogeneous mis-
orientations ( Fig.5(c)) , where no large angle
grain boundaries can form because of the precipi
tate pinning (the mean subgrain size is 5.9 pm) .
Since the misorientations in many deformed
grains are small, statistically high angle grain
boundaries should not form by subgrain growth
but exist before annealing as suggested in

Ref.[5.,6].

4 .2 Difference of misorientations in deformed

matrices with different orientations

Results in Figs .4 and 6 clearly reveal the
difference of misorientations in deformed matri-
ces with different orientations. This is in accor-
dance with the investigation on compressed sin-
gle crystals Al with B,S and C orientations! 131,
The significance of this fact is that large strain in
polycrystalline materials always leads to the for-
mation of the so called gfibre composing of C, S
and B orientations and thus inhomogenous mis-
orientation distribution. Such difference in mis-
orientations certainly exerts strong influence on
recrystallization process. For instances, during
discontinuous recrystallization , s maller misorien-
tations in the B matrix result in the formation of
the B/ R component, which competes strongly
with the cube texture formed in S/ C matrices
with larger misorientations''41; at the presence
of large particles, PSN ( particle stimulated nu-
cleation) would take place faster in C/ S matrices

than in B matrix!'1;

while annealing at low
te mperatures, the smaller misorientations in B
matrix would give rise to the postponed precipi-
tation and moreover the morphological transition
from round to elongated ones. The increase of
strain and the decrease of initial grain size will

reduce the influence of matrix orientations .
5 CONCLUSIONS

(1) Although the subgrain growth was
gradual on the macroscale and was controlled by
precipitation , on the microscale the subgrain size
and distribution of the precipitates were inhomo-
geneous. This indicates the influences like Mn
atoms in solution and matrix orientation .

(2) Normally, high angle grain boundaries
did not develop by subgrain growth .

(3) Rolling always leads to the formation of
a pgfibre comprising B, S and C orientations .
The misorientations in the matrices of these dif-
ferent components are syste matically different .
Misorientations are larger in the C/ S matrix than
in the B matrix, giving rise to a difference in
precipitation with respect to time and shape: At
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the early stages of annealing two regions with
clearly different precipitate densities were ob-
served, namely the scattered rolling orientation
matrix with a lot of precipitates, and the typical
rolling orientation matrix, free from precipi
tates . At later stages two regions with different
shapes of precipitates were observed, i.e. round
precipitates mainly in the C/S matrix and elon-
gated precipitates in the B matrix .
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